were also measured by classical chemical, chromatographic or spectrometric methods.
Results and Conslusions: According to the data, the bacterial distribution in each ecosystem was found as similar for the bottom and the surface water columns. Results were also supported statistically by Bray-Curtis similarity index and correspondence analyse. The relationships between the bacterial distribution and environmental features were evaluated by Spearman correlation index. Consequently, it was observed that the bacterial distribution can differ in both water column/sediment depths and lotic/ lentic ecosystems. And, it was suggested that the middle water column in each ecosystem is the most proper column for human usage.
IntroductIon F reshwaters are one of the most important resources for humans and other living things in the world and they should be safe for human consumption. But, they can naturally contain bacteria and their bacterial content can change negatively as a result of discharges from domestic, industrial and agricultural activities. In recent years increasing population, industrial developments, and agricultural activities have led to pollution in freshwater ecosystems in both lentic (stagnant water) and lotic (running water) biotopes. Both physicochemical properties and qualitative/quantitative distributions of organisms have been used to determine the quality of inland waters. The determination of fecal indicator bacterial distributions is of great importance in the studies of aquatic ecosystems (1, 2, 3, 4) , especially the contents of coliform bacteria and E. coli bacteria which are known as indicator microorganisms. Also, some environmental parameters can be affected as a result of their distributions (5, 6, 7, 8, 9) , as, physicochemical features can change vertically and horizontally in the water and the bacterial distribution can be affected by the changing environment.
In this study, indicator bacteria for fecal pollution were counted at different freshwater locations in Turkish Thrace. The vertical and horizontal distribution of fecal indicator bacteria in two different ecosystems (Meric River as running water resource and Kayalikoy reservoir as stagnant water resource) in Meric-Ergene River Basin at Turkish Thrace were investigated comparatively. For this reason, two sampling locations in each biotope were chosen. The Meric River is the most important tributary of Meric-Ergene River Basin and the main supply for agricultural irrigation for the rice fields in the Basin. The Kayalikoy dam lake reservoir plays an important role in the water supply for Edirne and Kirklareli Provinces for drinking, irrigation or other intentions in the Basin. Also, some statistical analyses were used to evaluate the relationships between the bacterial distribution and environmental parameters. The heavy metal content of water columns and sediments in sampling stations were also determined in this study.
Thus, the most advantageous water column of water resource for stagnant and running waters both lotic and lentic biotopes in the area were suggested.
Ma terIals and Methods
In this study, two different freshwater resources (Meric River and Kayalikoy dam lake reservoir) in Turkish Thrace were determined as sampling ecosystems for lotic and lentic systems. Water samples were taken from surface, middle and bottom water in the stations by using a Nansen water sampler and were put into 100 mL of sterile sampling bottles. Sediment samples were taken by the Ekman Grab from shore and bottom mud (the top 10 mm of the sediment used for bacterial counting) and were put into sterile plastic bags. Samples were kept in ice boxes in the dark and were transported to the laboratory within a few hours.
Heterotrophic bacteria (HB) counts were determined by the spread plate method (Plate Count Agar, 35 °C ± 0.5 °C at 48 hours) (10) . Total coliform (TCB), fecal coliform (FCB) and E. coli bacteria were determined by the using multiple-tube fermentation technique (through the presumptive-confirmed phases or completed test) (10) . The MPN (Most Probable Number) technique was applied to determine bacterial counts by using standard tables for five tubes (10) . The LST Broth (35 °C ± 0.5 °C at 24 ± 2 hours) and BGLBB Broth (35 °C ± 0.5 °C at 24 ± 2 hours) was used as media for total coliform bacteria and EC Broth (44.5 °C ± 0.2 °C at 24 ± 2 hours) were used as indicator media and incubation conditions for fecal coliform bacteria (10) . Also EC Broth with MUG (44.5 °C ± 0.2 °C at 24 ± 2 hours), TW Broth (35.5 °C ± 0.2 °C at 24 ± 2 hours), and EMB Agar (35.5 °C ± 0.2 °C at 18 -24 hours) were used as indicator culture media and incubation conditions for E.coli bacteria (10).
The temperature, pH, dissolved oxygen (DO), conductivity (EC), and salinity were measured when the same time with bacterial sampling during the field studies. The water samples were taken by a Nansen water sampler and were transferred to the laboratory for the other parameters to be measured (calcium, magnesium, nutrients, chloride, and heavy metals). The analyses were made in TUTA-GEM (Technology Researches and Development Applications and Research Center) laboratories.
results and dIscussIon
The heterotrophic bacteria counts were found to be higher than the other bacterial counts (total coliform (TCB), fecal coliform (FCB) and E. coli bacteria) at each biotope and each sampled water column. Furthermore, it was found that the bacterial content is higher in the lotic ecosystem than that the lentic ecosystem (Table 1 ). In the previous studies, it has been mentioned that fecal coliform bacteria were studied at the surface and bottom water (above the sediment), and the counts of bacteria at the surface were higher than that at the bottom (1, 11, 12) . Also, Koloren et al. (3) reported that the TCB has been found with the highest counts at surface and bottom water column, but FCB counts were found to be higher at the surface rather than that the bottom. Cardak and Altug (2) reported that the highest bacteria count in the bottom were caused by deep discharges to the water from domestic or agricultural activities. Furthermore, Pote et al. (4) discussed that the high bacterial accounts at the bottom were related to increased temperature, biological activity and predation by bacterivorous organisms, as well as UV radiation.
The numbers of HB were found in the highest concentration at the surface in all sampling seasons for both lentic and lotic ecosystems (Figure 1a-e) . TCB numbers in lentic ecosystem were found at the highest concentrations at the surface in spring, winter, and summer seasons and in the bottom at autumn (Figure 2a ). While FCB were determined at highest concentrations at the bottom in all sampling seasons in both lotic (except summer) and lentic ecosystems, E. coli bacteria were found at highest levels in all sampling seasons at the bottom except autumn (Table 1) . Furthermore, it was observed that bacterial distribution has higher in shore sediments in the lotic ecosystem (Figure 1f and 2f) . But, it was observed that the bacterial counts have very high concentrations in bottom sediments at the lentic ecosystem (Figure 1f and 2f).
The inland waters are classified according to physicochemical properties by the Water Pollution Control Regulation (13) . The highest quality water is classified as first quality level; the moderate quality water is classified as second quality level; and lowest quality water is classified as third and fourth quality levels. The quality classes include different amounts of TCB as MPN 100 -1 mL (100, 20000, 100000, >100000 respectively), and FCB as MPN 100 -1 mL (10, 200, 2000, >2000, respectively). While it was found that the bacterial load for HB in winter has the highest concentration in a lentic ecosystem (winter > summer > spring > autumn in lentic ecosystem), the bacterial load for HB in summer was found at the highest level in a lotic ecosystem (summer > winter > spring > autumn in lotic ecosystem) (Figure 1a, b) . But, TCB concentrations in summer, spring, and winter for each ecosystem were found to be higher than the autumn season ( Figure 2 ). While the HB counts in this study have not exceeded the first quality level in lentic biotope, the lotic biotope has exceeded the first quality level for the numbers of TCB. Furthermore, in some seasons, FCB numbers also exceeded second quality levels in lotic biotope, only. While the TCB and FCB numbers were found at first quality levels in lentic ecosystem, the numbers in lotic ecosystem corresponded to second quality levels (13) . Furthermore, the numbers of FCB in lotic ecosystem have been found to exceed the second quality level. According to the vertical distribution of TCB, FCB and E. coli bacteria, it was found the lowest counts were the middle column at lotic ecosystem. Therefore, it is suggested to take the irrigation/tap water from at middle column of water resources. In the previous study performed in a stream water resource by Altinoluk et al. (14), it was reported that bacterial groups were at the highest concentration in surface water, the lowest number of bacteria was recorded at the depth of middle. This increase can be explained by agricultural, domestic and industrial wastewaters discharged into the water. It was also suggested that the surface water should not be used for irrigation (14) .
vertical, horizontal and seasonal comparisons of heterotrophic bacteria (HB) counts in the lotic and lentic ecosystems: (a) HB in lentic ecosystem, (b) HB in lotic ecosystem, (c) HB in bottom, (d) HB in middle, (e) HB in surface, (f) HB in sediments
According to the Bray-Curtis similarity results, the bacterial distribution in each ecosystem was similar for both the bottom and surface water columns, except in the spring season (Figure 3a) . The findings of Correspondence analyse results supported the Bray-Curtis results (Figure 3b) . Also, the effects of physicochemical factors such as temperature, DO, pH and suspended solids can affect the distribution of bacteria (15) . In the present study, while the temperature values observed normal for the season, EC, salinity and chloride values were measured to have freshwater features in each ecosystem (Table  2) . Also, an inverse proportion was observed between the DO values and temperature at each ecosystem. According to pH values, the lentic ecosystem was found to be third quality level because of values exceeding 9.0 in spring and summer seasons (Table 2) . Although the Spearman correlation was used on the data, there were no remarkable relationships between these parameters and bacterial counts in this study (p> 0.05).
Although some heavy metals are important elements for growth of plants, excessive concentrations of them have toxic effects for both plants and microorganisms, and these elements accumulate in soil. In aquatic ecosystems, sediment also accumulates a lot of pollutants like organic matter, phosphate, nitro-compounds, and heavy metals until saturated and then sediments release these compounds to the water bodies. As the pH of the water decreases, and increased amount of metal is released from sediment into the water and the redox potential of the water column increases. In this study, some heavy metal concentrations were also measured at each ecosystem in the different water columns and sediments (Table 3) . According to the results, the values of sodium (Na), chromium (Cr), manganese (Mn), ferro (Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As) and cadmium (Cd) of the water columns were measured at first quality level and aluminium (Al), lead (Pb), selenium (Se) were measured at third quality level except summer seasons when they were measured at very low quality level at each ecosystem (Table 3) . In sediment samples, including of lead (Pb), chromium (Cr), and copper (Cu) were measured lower in the lentic than the lotic and it was found at higher values in the bottom sediment than the shore at almost all sediments except winter (equal). According to the heavy metal measurements, it was suggested to take water for irrigation or other intentions from near the shore and middle water column in the water supply. Each bacterial species has its own specific survival rate and unique response characteristics that determine their distribution over depth and time (1) . Therefore, all fresh- water ecosystems should be monitored periodically for bacterial distribution and environmental conditions to provide safe water resources for human consumption.
conclusIons Consequently, the study has supported the theory that the bacterial distribution can differ in both water columns/sediment depths and lotic and lentic ecosystems. According to the results from this study, it is suggested that water should be taken from middle column and near the shore of water supply. However, all aquatic ecosystems are different from each other likewise humans and therefore, it is suggested that both bacterial distribution and physicochemical properties of water columns should be examined for a water supply before being used for irrigation or other purposes (to determine the most advantageous water column or location to take the water from a water resource).
